This paper studies the existence of a world business cycle by examining quarterly and annual comovements in production, prices and interest rates in the three main world economies: Germany, Japan and the US. In accordance with earlier studies, contemporaneous relationships clearly dominate short-term dynamics. The evidence indicates the existence of strong comovements in prices and long-term interest rates, and, to a lesser degree, in GDP and short-term interest rates. They are, however, rather unstable over time.
INTRODUCTION
The presumption that different world economies undergo similar movements at the same time has a long tradition in economic thought. According to this view, there would exist common economic movements (comovements) between countries that give rise to a world business cycle. Several events have stressed this presumption in recent years, including the increase in trade interdependencies, the building of economic areas or unions, and the increase in capital mobility.
Numerous contributions have theoretically and empirically addressed this issue. Theoretical research has dealt with the formation and propagation of international cycles, and with the relationship between international monetary regimes and the transmission of macroeconomic shocks (Dellas, 1986; Ahmed et al., 1993; Canova and Marrinan, 1998; Selover and Jensen, 1999; Dibooglu, 2000) . Two main theories aim to explain the formation of international comovements. First, in the`locomotive' or`spillover' theory, economic fluctuations originating in one country are transmitted to another through different channels. In the second theory, world cycles are generated by common world disturbances. The distinction between both theories is important, as in the first case Keynesian, or exchange rate policies, could mitigate foreign disturbances, and, therefore, reduce economic fluctuations. With regard to the relationship between international monetary regimes and the transmission of macroeconomic fluctuations, theoretical work has analyzed the role of different exchange rate regimes in the transmission mechanism and in the formation of international cycles. Fixed exchange rates would entail the transmission of movements between countries, while flexible exchange rates would insulate, to a certain extent, the domestic economy from foreign disturbances. Again, the distinction is crucial for exchange rate policies.
From an empirical perspective, Mitchell (1927) , Moore and Zarnowitz (1986) , Gerlach (1988) , Backus and Kehoe (1992) , Bowden and Martin (1995) and Lumsdaine and Prasad (1997) , among many others, find clear evidence in favor of a world business cycle. The question of the evolution of comovements over time has received special attention in empirical research since Mitchell (1927) . More specifically, many authors (see, for example , Gerlach, 1988; Baxter and Stockman, 1989; or Lumsdaine and Prasad, 1997) have addressed the question of a possibly distinct intensity with flexible and fixed exchange rates with very different results.
Questioning all these presumptions and beliefs, one of the most intriguing features in the last years is the different behavior of the three main world economies: Germany, Japan and the United States. In the US, inflation and unemployment have reached their lowest level in many years, production has increased at a vigorous rate and stock markets have yielded extraordinary returns. In sharp contrast with the US, the Japanese economy has gone through a long stagnation in the 1990s. The growth rate in production has been very low. In fact, it has been unusually low when compared to that of preceding decades, with depressed investment and stock markets that have not yet recovered from the crash that occurred in the early 1990s. In Germany the situation is somewhat intermediate; while growth in production has not been so disappointing as in Japan, it is far below that of the US. These profound differences cause one to question the existence of a world business cycle or, at least, the existence of common economic movements in the G3 countries. Needless to say, the concepts of common economic movements and world business cycle are not exactly equal. However, given the generality (and even ambiguity) of the concept of the world business cycle, in what follows it will be understood as economic fluctuations that are qualitatively and quantitatively similar and occurring at the same time in all countries. This definition is fairly operative and very close to the meaning implicitly adopted in most contributions.
Though virtually all research agrees on the existence of a world business cycle, there is important divergence. In particular, the question of the evolution of strength over time has received very different answers. As the conclusions obtained may depend heavily on several points, they must be examined in some detail. These are the following: (i) the selection of variables, (ii) the data frequency and (iii) the countries taken into account.
In order to study the existence of a world business cycle, most researchers have used production (GDP or industrial production) or have built a representative variable of the business cycle. Though it seems a reasonable selection, there could well exist common movements in other variables. If the interest lies in common economic movements, other important macroeconomic variables, like prices or interest rates, should also be considered, in addition to production, as the results may be quite different.
The frequency of data may also be critical. For a given frequency, strong comovements may exist that become weak, or even disappear, in other frequencies. A simple example will illustrate this point. Let us suppose that quarterly changes in production in country A are i.i.d., and that in country B they are exactly equal to the changes in production in country A in the preceding quarter. In this case, the contemporaneous correlation between quarterly changes in production in both countries will be exactly 0. However, the results at annual frequency are very different; contemporaneous annual cross-correlation will be exactly equal to 0.75. Clearly, these different contemporaneous correlations will have their counterparts in crosscorrelations at lag one. But the important message here is that a small delay of only one quarter may completely conceal the existence of comovements at quarterly frequency, although they appear clearly at annual frequency. The implications of this issue for empirical research on world business cycles are twofold. On the one hand, data frequency is not innocuous; it must be selected carefully or, even better, different frequencies must be taken into account. On the other hand, it is also interesting to examine the short-term dynamic relationships, as the distinction between synchronous and diachronic movements depends on the arbitrary election of data frequency.
The other important point is the number of countries taken into account. The mere idea of a world business cycle implies the consideration of all countries in the world. Nevertheless, a large number of countries will hinder a deep and detailed analysis. If one is willing to analyze in depth the relationships held by several variables at different frequencies, the number of countries must be restricted drastically. In this respect, it is interesting to note that the three main world economies correspond to three countries ± Germany, Japan and the US ± located in very different parts of the world, and with a clear leadership and influence in their respective areas. Limiting the analysis to these three countries would allow a deeper insight of their relationship, as well as a certain degree of world coverage.
The objective of this paper is to investigate the simultaneity in macroeconomic fluctuations between Germany, Japan and the US. Several economic variables will be examined, and both their quarterly and annual movements will be considered. To carry out this study, Section 2 presents the data used, GDP, consumer prices and interest rates in Germany, Japan and the United States. In Section 3 the existence of comovements is studied, both from a bivariate (subsection 3.1) and a multivariate (subsection 3.2) perspective. The analysis of short-term dynamic relationships is carried out in Section 4. Finally, Section 5 summarizes the main results and conclusions.
DATA
When studying the issue of common movements, the question arises of which variables to consider. Most research has considered output (industrial production or GDP) or has built a representative variable of the domestic business cycles. However, as the conclusions on the existence and magnitude of comovements could differ depending on the variable taken into account, it would be interesting to examine several variables and not restrict the analysis to a single one. Therefore, to obtain a deeper analysis of the existence of comovements, four variables will be considered. Quarterly and annual data on GDP, consumer price indices, short-term interest rates and long-term interest rates from Germany, Japan and the United States have been used. The quarterly data cover the period 1957:1±1998:4, excepting German GDP, Japanese GDP and Japanese long-term interest rates, which begin in 1960:1, 1961:1 and 1966:4, respectively. The annual data cover the period 1957±98, excepting German GDP and long-term interest rates for Japan, which begin in 1960 and 1966, respectively. In what follows, the results that involve the shorter series have been obtained with their specific sample periods, although not explicitly stated.
In order to induce stationarity in these four variables, the data will be first differenced. This practice has been used in Gerlach (1988) , Baxter and Stockman (1989) , Bowden and Martin (1995) , Lumsdaine and Prasad (1997) and many others. (Augmented) Dickey±Fuller and Phillips±Perron unit root tests confirmed that the series cited above (or their logarithms) are nonstationary. Therefore, first differences were taken to induce stationarity and, thus, new series were obtained that extend from 1957:2 to 1998:4 (1958±98, for annual data). These series are composed of the changes in the logarithms (rates of growth) of GDP, changes in the logarithms of consumer price indices (inflation rates), and changes in short-and long-term interest rates.
MACROECONOMIC SYNCHRONIZATION

Bivariate framework
In order to examine the degree of coherence between economic movements in two countries, cross-country correlations will be estimated. Given two independent series, X 1t and X 2t , the asymptotic distribution of their contemporaneous cross-correlation is given by
where r 12 is the sample cross-correlation between X 1t and X 2t , AN stands for asymptotically normal, T is the sample size and & ii k is the autocorrelation of order k of X it , i 1, 2 (see Brockwell and Davis, 1991) . This means that the asymptotic distribution of sample cross-correlation depends on the autocorrelation functions of both series, which makes the analysis of crosscorrelations a problematic task. However, when one (or both) of the series is white noise, the asymptotic distribution simplifies and (1) becomes
Therefore, before computing the cross-correlations, all the series were filtered using their own past. AR( p) models, for p 1, 2, 3 and 4, were estimated for each series, and the residuals of the model with the lower Schwarz statistic were used. AR models were used instead of ARMA models because of ease of estimation, but the results are very similar and in all cases these residuals behave as white noise. Table 1 shows the cross-country correlation for the same (filtered) variables in the different pairs of countries, and, as these filtered variables are not autocorrelated, the P-values have been obtained according to (2). The sample periods begin in 1958:2 and 1962, as up to five data may be lost (one when first differencing and up to four when filtering). The results with quarterly and annual data are very similar. They indicate significant correlations between different pairs of G3 countries in GDP, prices and interest rates. Among these variables, the conformity in long-term interest rates is more intense. However, in the last four decades, these three economies have suffered deep changes (especially Germany and Japan), and it could be that this synchronization has not always occurred. In order to analyze its evolution over these four decades, moving cross-country correlations were computed for subperiods of 48 quarters. The first correlation was computed for the period 1958:1±1969:4. Then, a new correlation was computed by dropping the first four quarterly data and adding the following four quarterly data, and so on till the subperiod 1987:1±1998:4. The series were filtered recursively in the same way as explained above. With regard to annual correlations, they were obtained in an analogous way for the periods 1958±69, 1959±70, . . ., 1987±98. The Figures 1±4 show the rolling cross-country correlations in GDP, consumer prices, short-term interest rates and long-term interest rates, respectively. As each of the correlations follow the distribution shown in (2), two horizontal lines have been drawn at AE1X96 Á T À1a2 , which represent the 95 per cent confidence limits. This gives AE1X96 Á 48 À1a2 AE0X283, for quarterly data, and AE1X96 Á 12 À1a2 AE0X566, for annual data. It is important to bear in mind that, in general, these cross-country correlations are not independent, as common observations are used. Only when they are at least 12 years apart, do they not share common observations and they may be considered independent. Again, the results are relatively similar for quarterly and annual movements, though some interesting differences are observed. Annual figures are a little more erratic and not so smooth as quarterly ones; this may be due, at least partly, to the different sample sizes and to the rolling procedure. The main conclusions of these figures are twofold. First, the coherence in economic movements has not been stable; in many subperiods it has not been significant and in some it has even become negative, though not significantly. Second, there are important differences between the evolution of coherence in the different variables and in the different countries. Thus, for example, the evolution of coherence in annual GDP between Germany and the US shows an inverted`U' profile: the correlation was low in the first years, then increased, and in the last years has decreased. This inverted`U' shape is not observed, at least clearly, in other cases, though usually the degree of conformity is rather unstable. Another interesting feature, which is practically common to the three pairs of countries and to quarterly and annual movements, is the higher conformity in long-term interest rates in the last years compared to preceding decades.
Multivariate framework
Cross-correlations provide a good measure of the co-evolution of an economic variable in two countries. Unfortunately, they do not allow easy appreciation of the existence of comovements in the three G3 countries taken together. To analyze the comovements between more than two countries, correlation matrices may be used. In what follows, the case of n countries will be tackled, for any integer n b 1.
Let R be a square matrix of order n, whose ij-element is the (sample) correlation of a certain filtered economic variable in countries i and j. That is, R is a correlation matrix. The determinant of this matrix, |R|, will lie between 0 and 1, 0 jRj 1, and will be a measure of the conformity of the movements in the considered economic variable in all the countries. A value of |R| close to 1 denotes the absence of comovements in the countries taken together, while a value close to 0 denotes strong comovements.
Under the null hypothesis that all cross-correlations are zero, & ij 0, for i, j 1, 2, . . ., n and i T j, ÀT À 1log |R| follows asymptotically a 1 2 distribution with nn À 1a2 degrees of freedom (see Kendall et al., 1983) . This property could be used to formally analyze the existence of comovements between the three countries under study. Table 2 shows these statistics and their P-values. Once more, quarterly and annual results are very alike. In agreement with previous results, the null hypotheses of absence of comovements are clearly rejected in all cases. The accordance of economic movements is stronger for long-term interest rates and weaker (though clearly significant) for short-term rates.
As before, these results are uninformative of the evolution of the comovements over time. Therefore, rolling determinants and their corresponding test statistics will be computed following a method analogous to that used in subsection 3.1. With quarterly data, the sample size for each determinant is 48, and for annual data it is only 12. Given these sample sizes, one may wonder whether the asymptotic distribution is misleading. Consequently, 50,000 simulations were generated for ÀT À 1log |R|, for different sample sizes, T 12, 20, 30 and 48, and R being a matrix of sample correlations of three independent N(0, 1) random variables. Table 3 shows the quantiles of the sample distribution of ÀT À 1log |R| and the quantiles of the asymptotic distribution 1 2 3 . It may be seen that for sample sizes moderately Notes: T denotes the sample size and R is the correlation matrix whose ij-element is the sample correlation of the (filtered) variable in countries i and j in the period 1958:2±1998:4 (quarterly data) or 1962±98 (annual data). P-values are in parentheses and they have been computed under the hypothesis that the statistics follow a 1 2 3 distribution.
high, like T 48, for example, the asymptotic distribution provides an acceptable approximation. But for low sample sizes, like T 12, the critical value of the asymptotic distribution is much lower than the critical value from the simulations. Thus, using the asymptotic distribution would incorrectly yield too many rejections of the null; that is, too many detections of comovements.
For a significance level equal to 0.05, the critical value for T 48 obtained in the simulations is 8.11. Therefore, when testing for absence of quarterly comovements, the null is rejected if ÀT À 1log |R| b 8X11, or, equivalently, if jRj`0X842. As it seems to be much more intuitive, the measure Ã 1 À jRj will be used instead of |R|. Ã will also be comprised between 0 and 1: 0 Ã 1. High values of Ã imply strong comovements while low values imply the absence of comovements. Therefore, the null hypothesis of absence of comovements will be rejected if Ã b 1 À 0X842 0X158. If the asymptotic distribution had been used instead, the critical value would have been 0.153, which is very close to the value obtained with the simulations. Analogously, with annual data, as T 12, the null hypothesis of absence of comovements will be rejected if Ã b 0X573. Now, this value is clearly higher than the value obtained with the asymptotic distribution (0.508). Figure 5 shows the evolution of the rolling values of Ã. Two horizontal lines have been drawn for Ã 0X158 and Ã 0X573, respectively. Values above these lines indicate the rejection of the null hypothesis of absence of comovements at the 0.05 significance level. As the three countries are now taken into account, Figure 5 synthesizes the preceding figures and the features described above are confirmed: a strong instability over time and a distinct behavior of the different variables. Thus, the inverted`U' profile in GDP and the increasing conformity in long-term interest rates which were observed in the different pairs of G3 countries are also clearly observed in the comovements of the three countries taken together.
Though many theories predict strong differences in the transmission process across exchange rate regimes, the evidence reported here does not confirm this presumption. No clear change across regimes is observed in the comovements of production, prices or short-term interest rates. These results are in line with the macroeconometric model of Ahmed et al. (1993) and with Lumsdaine and Prasad (1997) , which do not find systematic differences with flexible and fixed Notes: Sample distribution of ÀT À 1log |R| in 50,000 simulations. T denotes the sample size and R is the correlation matrix of three independent N(0, 1) random variables. exchange rates. While the result for short-term interest rates may be explained by its nature of policy target, the result for long-term interest rates is rather different. These display higher coherence in the last years of the sample, but this does not seem to be due to a different exchange rate regime because the change occurs gradually. Instead, coherence increase may be linked to the increase in international capital movements and world financial integration. On the other hand, these results also support the model proposed by Greenwood and Williamson (1989) , where output, interest rates and inflation are positively correlated and, interestingly, unaffected by the exchange rate regime. 
SHORT-TERM DYNAMIC RELATIONSHIPS
The existence of common synchronous economic movements does not preclude the possibility of dynamic or non-synchronous relationships. A fraction of the economic fluctuations in one of the G3 countries could be shared by another country in the same period, but another fraction could be transmitted through different channels. This transmission may take time and, therefore, its effect would be reflected in the following periods. In addition to the economic synchronicity, there could exist lead and lag relationships between the G3 countries that take place in the short term. To detect these relationships, filtered movements in each of the four variables and in each of the three countries were regressed against a constant and four lags of the same variable in the other countries. Table 4 displays the coefficients of determination of these regressions and the P-values corresponding to the Ftest of the null hypotheses of nullity of the coefficients accompanying the four lags. Two important results arise from Table 4 . First, dynamic relationships are, in general, much weaker than contemporaneous ones. This is in accordance with earlier studies (Hickman and Filatov, 1983; Stulz and Wasserfallen, 1985; Dellas, 1986 ) that pointed out the preponderance of synchronic relationships over dynamic ones. Without taking into account possible long-term relationships, comovements are mainly simultaneous. In most regressions, the nullity of coefficients cannot be rejected, thus meaning that there are not short-term dynamic relationships in many cases. Second, quarterly dynamic relationships are stronger than annual ones. None of the annual regressions is significant at the 1 per cent level, and only five of them are significant at the 5 per cent level. As denoted by P-values, quarterly regressions are somewhat more significant. This difference is probably due to the fact that the (weak) shortterm dynamic relationships only last a few quarters and most of them disappear after one year. Quarterly correlations presented in Section 3 are unable to reflect this intertemporal dependence, but, to a large extent, it is incorporated in the annual results of that same section. Some additional interesting features are observed when examining quarterly regressions. First, the relationships are more intense for short-term interest rates; movements in US rates lead those of Germany and Japan. Second, Germany is the most sensitive country to foreign movements, while the US is found to be the most influential. Nevertheless, moving coefficients of determination obtained analogously to the moving correlations and determinants in the preceding section indicate that these relationships are rather unstable over time. This result is in accordance with other studies that find remarkable lacks of stability in macroeconomic relationships (see, for example, Stock and Watson, 1996) . This preponderance of synchronic over dynamic relationships can be regarded as evidence in favor of those theories that attribute the origin of world cycles to common shocks. If the origin of world cycles were the transmission of economic fluctuations between countries, one should expect to find weaker synchronic and stronger dynamic comovements, given that this transmission should take unavoidable lags. This feature is in line with many contributions, which do not confirm the common belief in economic theory on the`import' of business cycles (Canova and Dellas, 1993; Canova and Marrinan, 1998; Schmitt-Grohe Â, 1998) . Under different models, these authors are unable to explain the transmission of economic movements through different channels, even in cases like the US and Canada (Schmitt-Grohe Â, 1998). On the contrary, comovements in production seem to be affected by common shocks; in particular, common oil shocks that occurred in the 1970s and in the early 1980s gave rise to a sharp increase in the strength of these comovements.
Finally, it is worth mentioning that all the results obtained in Sections 3 and 4 are fairly robust to the election of 48 quarters or 12 years as the`window lengths'. Obviously, as the length increases, the evolution of cross-correlations becomes flatter, and, conversely, when it decreases the evolution is more irregular. But the features pointed out in this paper are also observed with different lengths, and other reasonable elections yielded similar results. On the other hand, an important qualification to the results obtained lies in the nature of synchronization. When common movements are observed, they may be due to common shocks, but common policies in response to these shocks may also play a role in the generation of these comovements.
CONCLUSIONS
While traditional economic thought has accepted the existence of common economic movements between developed countries, recent economic performance in the three main world economies questions this presumption. To cast some light on this issue, this paper has examined the existence of economic comovements between Germany, Japan and the US.
Cross-correlations and correlation determinants indicate the existence of strong comovements in prices and long-term interest rates and, to a lesser degree, in GDP and short-term interest rates. However, moving correlations and determinants suggest that these relationships are not stable over time; they indicate very different degrees of cohesion in the different subperiods, though clear differences across exchange rate regimes are not observed. As the transmission of economic movements across countries may take some time, short-term dynamic relationships between these variables have also been examined. In general, dynamic relationships are much weaker than contemporaneous ones, and quarterly relationships are more intense than annual ones. This suggests that dynamic dependence fades away after a few quarters, and, therefore, is captured to a large extent by annual correlations. These results favor the`common shocks' hypothesis versus the hypothesis of transmission of economic fluctuations between countries.
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